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The Effect of Carbon Black on Some Biological Properties of Soil and
Growth of Broad Bean in Lead-Contaminated Soil
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Abstract

Soil contamination with heavy metals is highly significant due to its destructive and harmful effects on
agricultural production and the nutrition of living organisms. Therefore, implementing management
strategies to reduce their adverse effects is essential. This study investigated the effect of carbon black
and lead contamination on selected biological properties of soil and the growth of broad bean plants.
The pot experiment was carried out in a completely randomized factorial design with four replications,
including two factors: lead contamination at three levels (no contamination, 50, and 100 mg/kg) and
carbon black at four levels (0, 1, 2, and 4% by weight). The study was conducted in the greenhouse of
Agricultural Sciences and Natural Resources University of Khuzestan. Results showed that lead
contamination in soil decreased plant height and dry weight. As soil contamination increased, the
concentration and uptake of lead in the roots and aerial parts of the plant also increased. The application
of carbon black reduced the concentration of lead in the roots and aerial parts, with the highest reduction
observed at the 4% carbon black level compared to the control. The addition of carbon black increased
plant height, root dry weight, and aerial part dry weight by 22.86%, 18.01%, and 23.07%, respectively,
compared to the control. The highest values of microbial biomass carbon, soil microbial respiration, and
catalase enzyme activity were recorded in the treatment with 4% carbon black and no soil lead
contamination, measuring 13.35 mgCmic100g*, 64.89 C0O,100g™.day?, and 1.82 mLKMnO.g*.h?,
respectively. The results of this study showed that the addition of carbon black reduced the harmful
effects of lead and improved soil biological indices and plant growth. However, further research is
necessary to assess the long-term effects.
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Table 1. Some properties of used soil

Soil texture  pH EC (dSm?)  Organic carbon  Calcium carbonate  Total Pb
(%) (%) (mg kg™)
Loam 7.2 1.8 0.6 39 5.50
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Table 2. The results of the analysis of variance on the effect of Pb and carbon black levels on plant
growth, concentration, uptake, and translocation factor of lead.

Source of df Heigh Root  Shoot Pbin  Pbuptake Pbin Pbuptake Translocat
variations t dry dry root by root shoot by shoot ion Factor
weight  weight

Carbon Black 3 552" 080" 0.79* 11.78"  6.120E-05**  3.97""  1.745E-05" 0.027"
Pb pollution 2 504" 687 439"  107.42"  9.852E-04"  48.24™  3.193E-04" 0.214™
«CarbonBlack 6 1.7  0.03™ 0.083" 4.79* 2.612E-05"  1.92"  1.004E-062" 0.008"
Pb pollution

Error 36 5.68 0.07 0.094 0.28 3.023E-06 0.09  9.696E-07 0.01
cv - 984 7.44 10.61 18.27 20.74 18.09 21.63 19.43

Df: Degree of freedom, CV: Coefficient of Variations, **, * and ™ respectively significant at 1%, 5% and nonsignificant.
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Table 3. Comparison of the mean effects of different levels of Pb and carbon black on some plant
properties. Means with the same letters are not significantly different at the 5% level according to Tukey's test.

Dry weight of

Dry weight of

Treatments Plant height (cm) root (g pot)) shoot (g pot)
Without carbon black 21.43° 3.342 2.75P
Carbon black (1%) 23.79% 3.50% 2.97°
Carbon black (2%) 25.42 3.67%® 3.01°
Carbon black (4%) 26.332 3.952 3.372
Without lead pollution 26.03? 4,242 3.572
Lead pollution (50 mg/kg) 24.19% 3.66° 2.97°
Lead pollution (100 mg/kg) 22.48° 2.94¢ 2.51°¢

Numbers followed by same letters in each column are not significantly different (P < 0.05).
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Figure 1. Comparison of the mean effects of different levels of Pb and carbon black on the concentration and

uptake of Pb in roots and shoots. Means with the same letters are not have significantly different at the 5%
level according to Tukey's test.
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Figure 2. Comparison of the mean effects of different Pb levels on translocation factor of Pb.
Means with the same letters are not significantly different at the 5% level according to Tukey's test.
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Table 4. The results of the analysis of variance on the effect of Pb and carbon black levels on some
biological properties of soil

Source of variations df  Soil respiration  Microbial biomass carbon  Catalase activity
Carbon Black 3 345.40°" 35.42™ 0.71"

Pb pollution 2 539.60** 41.35™ 0.32"

Pb pollution x Carbon Black 6 42.51* 2.32° 0.046
Error 36 14.46 0.69 0.01

cv - 7.93 9.49 12.51

** *and ™ respectively significant at 1%, 5% and nonsignificant.
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Figure 3. Comparison of the mean effects of different levels of Pb and carbon black on some biological

characteristics of soil. Means with the same letters are not significantly different at the 5% level according to
Tukey's test.
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Table 5. Correlation coefficient of some biological characteristics of soil with plant properties.

Plant height  Dry weight of Dry weight of Pb in root Pb in shoot
root shoot
Soil respiration 0.70™ 0.71™ 0.63™ -0.77 -0.77"
Microbial biomass carbon 0.61™ 0.70™ 0.74™ -0.63™ -0.65™
Catalase activity 0.62™ 0.73™ 0.75™ -0.68™ -0.68™
** *and ™ respectively significant at 1%, 5% and nonsignificant.
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